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The effect of fat reduction and the addition of octenyl succinylated (OS) waxy maize starch as a fat
replacer on the physicochemical properties, texture, and microstructure of Minas fresh cheese was
studied. The cheeses were produced according to three formulations: full-fat cheese (FC), reduced-fat
cheese (RC), and reduced-fat cheese with 0.5 kg/100 L of added starch (SC). Analyses of the chemical
composition, titratable acidity, water-holding capacity (WHC), yield, texture, microstructure, and elec-
trophoretic proﬁle of casein were conducted. Fat reduction increased the hardness and decreased the
yield of the cheeses. Fat reduction also promoted a denser microstructure and less proteolysis. The
concentration of starch that was added was insufﬁcient to improve the yield and texture parameters of
the reduced-fat cheese. However, the addition of starch increased the moisture content and the WHC of
the reduced-fat cheese. In general, OS waxy maize starch improved the overall quality of the reduced-fat
Minas fresh cheese.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
Minas fresh cheese is a popular dairy product in Brazil. It is
widely accepted in the national market and is one of the most
highly produced cheeses in the country (9.1%), fourth only to
Mozzarella (33.3%), Prato (23.6%), and processed cheese spread
(11.9%) (Oliveira & Brito, 2006). It is awhite, soft, fresh cheese that is
slightly salty and has a mildly acidic taste. Traditionally, a lactic acid
starter culture consisting of Lactococcus lactis subsp. lactis and
Lactococcus lactis subsp. cremoris is utilized, and it is produced
through the enzymatic coagulation of pasteurized milk with rennin
and/or other appropriate coagulating enzymes (Buriti, Rocha, &
Saad, 2005; Cunha, Viotto, & Viotto, 2006).
In light of the health beneﬁts and esthetic qualities, many in-
ternational groups of experts have recommended a reduced fat
intake in diets and, consequently, consumers have increased their
search for reduced- and low-fat cheeses (O’Connor & O’Brien, 2011).
However, fat reduction has some negative effects on cheeses. Low-
fat cheeses commonly present a poor aroma and atypical ﬂavors
caused by the lack of aromatic compounds that are produced by5, 15054-000 Sao Jose do Rio
55 17 32212299.
(V.R. Diamantino), analucia@
All rights reserved.lower levels of lipolysis. In addition, their typical high moisture
content causes excessive growth of the starter culture, which ac-
celerates acid production, resulting in bitter ﬂavors. Furthermore,
these cheeses present an over-ﬁrm and elastic texture (often
described as “rubbery”) due to the greater structural protein
matrix per-unit cross-sectional area. Additionally, low-fat cheeses
often exhibit lower yields and slower ripening (Mistry, 2001;
Rodríguez, 1998).
Fat mimetics (mainly carbohydrates or proteins) are often used
to improve properties of reduced-fat foods. They act by binding
extra water, which creates a sense of lubricity similar to that of full-
fat products; however, they cannot replace the non-polar func-
tional properties of fat, such as palatability, creaminess and ﬂavor-
carrying capacity (Sipahioglu, Alvarez, & Solano-Lopez, 1999).
Among the fat mimetics, starch is one of the most frequently
used ingredients in food because it is relatively inexpensive and
readily available (O’Connor & O’Brien, 2011). A promising starch
that can be considered for food applications is waxy maize starch.
Due to its unique composition (only traces of amylose, whereas
common starches contain 20e30 g/100 g amylose), waxy maize
starch has many speciﬁc attributes: it swells easily, provides a
sticky texture, hardly retrogrades, and offers better digestibility
than do normal starches (Wang, Li, Wang, & Özkan, 2010). Native
starches, however, are often modiﬁed to produce desirable func-
tional properties. The substitution of part of the starch chain by
octenyl succinic anhydride (OSA) creates an octenyl succinylated
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surface activity and allows for a range of applications, such as
encapsulating ﬂavors, binders, thickening agents or emulsion sta-
bilizers (Chung, Lee, Han, & Lim, 2010).
When tapioca starch and lecithin were used to produce a
reduced-fat Feta cheese, the hardness and yield loss values
decreased and the moisture content increased (Sipahioglu et al.,
1999). In another study, the addition of a waxy maize starch-
based fat replacer in combination with pre-acidiﬁcation and the
addition of exopolysaccharides improved the texture, yield and
meltability of low-fat Mozzarella cheese (Zisu & Shah, 2005).
However, studies in this area, particularly of fresh cheeses, are still
scarce. To the best of our knowledge, this is the ﬁrst report
describing the use of starch as a fat replacer in Minas fresh cheese.
Thus, the aim of this research was to study the effect of fat reduc-
tion and the addition of OS waxy maize starch on the chemical
composition, yield, acidity, water-holding capacity, texture,
microstructure and electrophoretic proﬁle of the casein of Minas
fresh cheese.
2. Material and methods
2.1. Chemical composition and physicochemical analyses of the
milk
Before cheese production, the pasteurized milk was analyzed.
The total solids, fat, solids-not-fat, and protein contents, and the
density were determined using an EkomilkeM instrument (Bulteh
2000 Ltda, Stara Zagora, Bulgaria); the titratable acidity (D) value
was obtained using titrationwith NaOH (AOAC,1997); the presence
of antibiotics was detected using the Snap Beta-Lactam Test
(IDEXX Laboratories Inc., Westbrook, ME, USA) and the presence of
alkaline phosphatase was determined using an Alkaline Phospha-
tase Kit (Laborclin Produtos para Laboratório Ltda., Pinhais, PR,
Brazil).
2.2. Cheese production
On three occasions (three different trials), three different for-
mulations (treatments) of Minas fresh cheese were produced in
vats: full-fat cheese (FC), which used whole milk (3.5 g of fat/
100 mL milk), reduced-fat cheese (RC), which used standardized
milk (1.5 g of fat/100 mL milk), and reduced-fat cheese with 0.5 kg/
100 L of added OS waxy maize starch (SC), which was also used
standardized milk. In each vat, 15 L of pasteurized cow’s milk
(Xandô Laticínios Ltda., Araras, SP, Brazil) was warmed to 35 C.
Then, the ingredients were added: 0.5 kg/100 L of OS waxy maize
starch (Mira-Mist-662, Tate & Lyle, Decatur, IL, USA), that was
previously dispersed in 2 L of milk and heated to 85 C to allow
swelling (adapted from Zisu & Shah, 2005) was added only to the SC
treatment; 25 g/100 L of calcium chloride (Synth, Labsynth Pro-
dutos para Laboratório Ltd., Diadema, SP, Brazil); 200 mL/100 L of
starter culture (R-704, 50 U, Christian Hansen, Horsholm, Denmark)
composed of strains of L. lactis subsp. lactis and L. lactis subsp.
cremoris; and 2.5 g/100 L of chymosin (Ha-la 1175 Chymosin
Powder, Christian Hansen, Horsholm, Denmark). Coagulation was
allowed to occur for 50min. The curdwas cut into 1-cm3 pieces and
stirred for 25 min. Approximately 75% of the whey (11 L) was
drained, and 2.5 g of salt (NaCl)/100 g cheese was added. The curd
was stirred for 3 min, and the ﬁnal whey was drained. Then, the
curd was placed into cylindrical plastic molds. Ten minutes later,
the molds were turned upside down on a ﬂat surface. They were
maintained under refrigeration (5 C) and turned two more times
at intervals of 60 min. The cheeses were then stored under refrig-
eration (5 C) for approximately 24 h to allow for whey drainage.The cheeses were weighted and then immersed in a potassium
sorbate solution (10 g/100 mL) for 60 s, drained under refrigeration
for 60 min, vacuum-packaged in plastic bags and stored under
refrigeration (5 C). Samples were taken for analysis after different
periods of storage (after 3, 10 and 17 days).
2.3. Chemical composition and physicochemical analyzes of the
cheeses
After 3 days of storage, the cheeses were analyzed in triplicate to
determine the moisture content, by drying them to a constant
weight at 70 C for 24 h under a vacuum (AOAC, 1997); the
fat content, using the Gerber-Van Gulik method (Brasil, 2006); the
fat in dry matter (FDM) value, using the following formula:
FDM ¼ (fat/total solids)  100; the total nitrogen content, using
the micro-Kjeldahl method (AOAC, 1997), from which the total
protein content was determined using the conversion factor of
6.38; the ash content, through incineration at 550 C (AOAC, 1997);
and the salt content, using an argentometric method that utilizes
the previously obtained ash (Brasil, 2006). The cheese yield (Y kg/
100 kg) was determined from the ratio of kg cheese produced/kg
milk used; the dry matter cheese yield (YDM kg/100 kg) was also
determined, using the following formula: YDM ¼ Y (100  MD)/
100, where MD ¼ the moisture content of the cheese (Fenelon &
Guinee, 1999). After 3, 10 and 17 days of storage, the titratable
acidity was assayed and expressed in lactic acid equivalents (AOAC,
1997) and the WHC was evaluated through centrifugation of 15-g
samples at 5700 g for 60 min at 8  1 C. The WHC value was
calculated using the following formula: WHC ¼ {1  [serum
separated after centrifugation (g)/mass of cheese before centrifu-
gation (g)]  100} (adapted from Harte, Luedecke, Swanson, &
Barbosa-Cánovas, 2003).
2.4. Texture proﬁle analysis (TPA)
After 3 and 17 days of storage, a texture proﬁle analysis (TPA) of
the cheese samples was performed using a TA-XT2i texturometer
(Stable Micro Systems Ltd., Godalming, England) to evaluate the
TPA parameters of hardness, elasticity, cohesiveness and
chewiness.
A total of 6 cylindrical samples (2.5-cm diameter  3.0-cm
height) were obtained from each treatment. The samples were
taken at least 1 cm away from the cheese surface. They were pre-
pared a few minutes before analysis and stored under refrigeration
(10 C) in individual plastic containers until analysis. The textur-
ometer was equipped with a 4-cm diameter cylindrical acrylic
probe. The operating conditions were double compression, a
crosshead speed of 2 mm/s, and compression of 6.0 mm (adapted
from Buriti et al., 2005; Fritzen-Freire, Müller, Laurindo, & Pru-
dêncio, 2010).
2.5. Scanning electron microscopy (SEM)
Scanning electron microscopy (SEM) was performed on cheese
samples that were obtained after 5 days of storage, following
methodology adapted from Fritzen-Freire et al. (2010). The samples
were cut into pieces (5  5  1 mm) and ﬁxed using a solution of
2 g/100 mL of glutaraldehyde in phosphate buffer saline (PBS) for
48 h. After ﬁxation, the samples were washed with PBS and then, a
solution of 5 mL of PBS and 5 mL of osmium tetroxide were added,
and they were refrigerated for 2 h. The samples were then washed
with distilled water and dehydrated using a graded (30, 50, 70, 80,
90, and 100 mL/100 mL) ethanol series for 10 min each. The
dehydrated samples were critical-point dried in an Emitech 850
critical-point drier (Emitech Ltd., Ashford, England). After drying,
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Fig. 1. Titratable acidity of the different cheese treatments during the storage period
(5 C). Full-fat cheese; Reduced-fat cheese; e:e Reduced-fat cheese with
starch added. (n ¼ 9).
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were sputter coated with gold in an Emitech 550 sputter coater
(Emitech Ltd., Ashford, England). Five ﬁelds in each sample were
observed using a scanning electron microscope (LEO 435VPi, Zeiss,
Cambridge, England) that was operated at 15 kV.
2.6. Ureaepolyacrylamide gel electrophoresis (ureaePAGE)
UreaePAGE of the casein fractions was conducted as reported by
Merheb-Dini, Garcia, Penna, Gomes, and Silva (2012). Samples were
collected after 3, 10, and 17 days of storage and maintained
at 18 C until the analysis. Next, the cheese samples (20 mg) were
incubated at 37 C in Eppendorf tubes with 1 mL of 0.062 M Trise
HCl buffer, pH 6.7, containing 42 g/100 mL urea for 1 h. Thereafter,
5 mL of b-mercaptoethanol were added and the samples were
incubated again at 37 C for 45 min. A drop of bromophenol blue
was then added to each sample. UreaePAGE was performed using a
Mini Protean 3 Cell vertical electrophoresis unit (BioRad Labora-
tories, Hercules, CA, USA). Aliquots of 10 mL were applied to the gel
and ureaePAGE was conducted at a constant voltage of 100 V using
0.046 M Triseglycine, pH 8.3, as the running buffer. The gels were
stainedwith Coomassie Brilliant Blue R-250 for 24 h and de-stained
using an ethanol/acetic acid/water 3:1:6 (v/v/v) solution. Finally,
images of gels were digitized using a scanner (Laser Jet M1132 MFP
e HP, Brazil).
2.7. Statistical analysis
Analyses of variance (ANOVA) were performed to evaluate the
signiﬁcant differences in the data with regard to chemical
composition, acidity, water-holding capacity, yield and the texture
parameters. Tukey’s multiple comparison test was used to compare
the mean values. A probability of 0.05% was used to establish sta-
tistical signiﬁcance. The statistical analyses were conducted using
the Statistica 7.0 program (StatSoft, Inc., 2004, Tulsa, OK, USA).
3. Results and discussion
3.1. Chemical composition of milk and cheeses and yield of cheeses
The chemical composition and acidity of the pasteurized milk
samples were in accordance with the Brazilian law. In addition,
they did not contain antibiotics or alkaline phosphatase.
In general, fat reduction and starch addition affected the
chemical composition of the cheeses (p  0.05) (Table 1). As ex-
pected, the reduced-fat cheeses had higher moisture contents than
the FC (p  0.05). Cheese is a concentrated protein matrix with
entrapped fat and moisture; therefore, the amount of protein and
moisture in the matrix increases as the fat level decreases (VanTable 1
Chemical composition and yield of Minas fresh cheeses: FC, RC and SC.
Parameter FC RC SC
Moisture (g/100 g) 59.97c  0.92 61.29b  1.83 63.21a  1.32
Fat (g/100 g) 20.83a  1.25 12.72b  0.57 11.72b  0.62
FDM* (g/100 g) 50.75a  2.10 32.79b  0.61 31.87b  1.35
Protein (g/100 g) 14.01b  0.24 18.91a  0.41 18.65a  0.48
Ash (g/100 g) 2.54b  0.08 2.90a  0.10 2.84a  0.09
Salt (g/100 g) 0.49a  0.17 0.47a  0.13 0.48a  0.15
Yield (g/100 g) 14.70a  0.36 11.62b  0.29 12.03b  0.31
YDM** (g/100 g) 6.04a  0.25 4.51b  0.15 4.46b  0.14
a, b, cMean values (standard deviation) in the same row that are indicated by
different letters are signiﬁcantly different (p  0.05). n ¼ 9. *FDM: Fat in dry matter.
**YDM: Dry matter cheese yield. FC: Full-fat cheese; RC: Reduced-fat cheese; SC:
Reduced-fat cheese with starch added.Hekken, Park, & Tunick, 2013). Consequently, the RC and SC also
had higher protein contents than the FC (p  0.05) (Table 1). In
general, this is the main problem of reduced-fat cheeses; the
increased possibilities of cross linking between protein chains
promotes a more compact matrix, resulting in cheeses with harder
and chewier textures (Kavas, Oysun, Kinik, & Uysal, 2004). An in-
crease in the moisture and protein contents when the fat content
was reduced was also observed in studies of white fresh cheese
(Lobato-Calleros et al., 2007) and Kashar cheese (Sahan, Yasar,
Hayaloglu, Karaca, & Kaya, 2008). Furthermore, the higher mois-
ture content of the SC compared to the other cheese samples
(p  0.05) (Table 1) indicated that the fat mimetic increased the
moisture content, possibly due to the higher WHC caused by the
starch. A similar result was reported by Sipahioglu et al. (1999) in
Feta cheese using modiﬁed tapioca starch.
The FDM and ash contents of the FC were lower than those of
the RC and SC (p 0.05) due to the different milk fat content of each
treatment and the change in the balance of components resulting
from fat removal, respectively (Mistry, 2001). The salt contents of
the cheese treatments were not signiﬁcantly different (p  0.05)
(Table 1).
Finally, the yield of the FC was higher (p 0.05) than yield of the
RC or the SC (Table 1). Although the fat that was removed should be
partially replaced by water, the yields of the reduced-fat cheeses
were lower because the total amount of fat that was removed was
not equal to the amount of moisture added (Mistry, 2001). In
addition, due to its polar nature, starch should act by improving the
cheese yield through increasing the WHC. However, the difference
between the yields of the RC and SC was not signiﬁcant (p  0.05)
(Table 1). Therefore, the starch concentration used was most likely
insufﬁcient to improve the yield.
Additionally, similar to what was observed for the normal yield,
the dry matter cheese yield (YDM) was also decreased by fat
reduction, though the values (Table 1) and rates were lower (i.e.,
1.55 kg/kg of fat for the YDM, while the normal yield was 2.86 kg/kg
of fat). Fenelon and Guinee (1999) observed similar results for
Cheddar cheese. This phenomenon occurs because the YDM value
eliminates the contribution of moisture to the cheese yield,
reﬂecting only the effect of the fat reduction (Fenelon & Guinee,
1999). As expected, once the effect of fat reduction on the mois-
ture content was excluded, the added starch did not improve the
YDM of the reduced-fat cheese (p  0.05).
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The acidity of all of the cheeses increased during the storage
period (Fig. 1). Adding starch optimized the quality of the SC, which
had an acid content that was considered statistically equal to that of
the FC (p 0.05) at 17 days of storage, and had a higher acid content
than the RC (p < 0.05). Acidiﬁcation promotes whey exudation due
to the reduction of the net negative charge on casein close to its
isoelectric point, which facilitates proteineprotein interactions
(McSweeney, 2007). Thus, the increase in theWHC provided by the
starch signiﬁcantly increased the moisture content in the SC
product and prevented whey exudation, which may favor bacterial
growth and more lactic acid production.3.3. Water-holding capacity (WHC)
The WHC of all of the cheese treatment increased over the time
of storage, being lower in RC than in the others (Fig. 2). WHC is
inversely related to syneresis (loss of whey that occurs in cheese
under quiescent conditions). Syneresis is often higher in reduced-
fat cheeses due to their higher moisture contents. Additionally,
the presence of less fat increases the interaction between proteins,
which promotes whey exudation. A high syneresis rate is also
common during the ﬁrst days of storage, and an equilibrium is
reached over the time (Dejmek & Walstra, 2004).
Although SC presented a WHC proﬁle similar to that of RC, its
WHCwas higher after 10 and 17 days of storage than RC (Fig. 2). The
added starch promoted a reduction in the syneresis rate of SC, even
though its moisture content was higher. This phenomenon is
possibly due to the higher WHC caused by presence of starch
(O’Connor & O’Brien, 2011). The highWHC of waxy starches may be
promoted by the starches’ higher amylopectin content and,
consequently, the greater quantity of hydrophilic groups available
on its branches. Based on these results, OS waxy maize starch could
be considered a promising ingredient for improving the WHC of
cheeses.3.4. Texture proﬁle analysis (TPA)
The lowest hardness value of the FC (Table 2) was expected, and
it is related to this cheese’s higher fat content. Fat globules normally
provide the typical smoothness of cheese by being evenly60
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Fig. 2. Water holding capacity (WHC) of the different cheese treatments during the
storage period (5 C): Full-fat cheese; Reduced-fat cheese; e:e Reduced-fat
cheese with starch added. (n ¼ 9).distributed within the casein matrix. In low-fat cheeses, texture is
hard and rubbery due to the dominating role of the milk proteins
(Mistry, 2001; Romeih, Michaelidou, Biliaderis, & Zerﬁridi, 2002).
Similar results were reported by Sipahioglu et al. (1999) for Feta
Cheese; by Romeih et al. (2002) for white brined cheese; and by
Kavas et al. (2004) for white pickled cheese.
The hardness values of the reduced-fat cheeses were not
signiﬁcantly different (p 0.05), although the SC’s hardness tended
to be lower than that of the RC. However, Sahan et al. (2008) and
Sipahioglu et al. (1999) observed a signiﬁcant decrease in the
hardness value when different fat mimetics were used in low-fat
cheeses. While 0.5 g/100 mL of starch is a concentration that is
commonly used in other cheeses, it most likely was insufﬁcient to
signiﬁcantly reduce the hardness of Minas fresh cheese.
The cheese hardness was also observed to decrease between the
3rd and 17th days of storage (Table 2). In fresh cheeses, this increase
in softness is largely promoted by the residual coagulant enzyme,
which acts during the initial periods of storage by hydrolyzing aS1-
casein to produce aS1-I-casein (Fox & McSweeney, 1998). Queiroga
et al. (2013) obtained similar results for Coalho cheese made of goat
milk, cow milk or their mixture.
The reduced-fat cheeses were found to have higher cohesive-
ness and elasticity values compared with those of the FC (Table 2).
Sahan et al. (2008) observed a similar trend in Kashar cheese and
attributed this result to the higher protein content of the low-fat
cheese. In addition, the tendency that was observed in the hard-
ness values was also observed in the case of the chewiness values,
due to the relationship that exists between these two parameters.
In other words, an increase in the chewiness was caused by the fat
reduction, and there was also a reduction in the chewiness values
over the time of storage (Table 2). Furthermore, as was observed for
the hardness parameter, adding starch did not signiﬁcantly affect
these parameters.
3.5. Microstructural analysis
Micrographs of the FC showed a greater number of spherical fat
globules (G) of different sizes that were embedded in a protein
matrix (P) (Fig. 3a and b) compared with those in the micrographs
of the reduced-fat cheeses; these micrographs also showed that the
fat globules were trapped within the protein matrix. Filamentous
structures (Fi) were observed on the surfaces of the fat globules
(Fig. 3b). These structures may consist of casein chains and/or whey
protein chains. The deposition of these proteins onto a fat
globule’s surface is responsible for the integration of the fat globule
into the protein matrix (Lobato-Calleros et al., 2007). The full-fat
cheese also exhibited a more open structure compared to thoseTable 2
Texture proﬁle of cheeses during storage.
Parameter Days FC RC SC
Hardness (N) 3 10.72A,b  2.27 19.25A,a  2.69 17.92A,a  3.48
17 2.27B,b  0.66 4.93B,a  1.15 4.33B,a  0.88
Cohesiveness 3 0.82A,b  0.01 0.87A,a  0.02 0.87A,a  0.01
17 0.83A,b  0.03 0.85B,a,b  0.03 0.85B,a  0.03
Elasticity 3 0.89A,b  0.03 0.93A,a  0.03 0.93A,a  0.03
17 0.91A,a  0.07 0.89B,a  0.06 0.91A,a  0.06
Chewiness (N) 3 8.05A,b  1.63 14.79A,a  2.17 15.95A,a  3.23
17 1.74B,b  0.55 3.84B,a  1.02 3.48B,a  0.75
A, BMean values (standard deviation) in the same column, by parameter, that are
indicated by different capital letters are signiﬁcantly different (p  0.05). a, bMean
values (standard deviation) in the same row that are indicated by different lower
case letters are signiﬁcantly different (p  0.05). n ¼ 18. N: Newton. FC: Full-fat
cheese; RC: Reduced-fat cheese; SC: Reduced-fat cheese with starch added.
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chains by fat globules (G) and void spaces (V). Similar microstruc-
tures in different full-fat cheeses were observed by Sipahioglu et al.
(1999), Lobato-Calleros et al. (2007) and Romeih, Moe, and Skeye
(2012).
The RC (Fig. 3c and d) and the SC (Fig. 3e and f) exhibited more
uniform and compact protein structures with fewer void spaces (V).
The fat globules that are embedded in the cheese matrix act like
fracture points, reducing the cheese hardness.When fat is removed,
more protein interactions occur, creating a ﬁrmer and more
compact structure. This process may explain the high hardness
values of the reduced-fat cheeses that were shown by the TPA
analysis (Sipahioglu et al., 1999).
No structures that could be related to the waxy maize starch
were observed in the SC samples (Fig. 3e and f). This result may be
due to the absence of starch structures in the cheese samples
chosen for microstructural analysis or to the absence of a large
portion of the starch added to the cheese formulation due to the
loss of this fat mimetic in the whey, caused by the lack of interac-
tion between the starch and the cheese proteins, which would also
explain its lack of effect in improving the yield or the texture pa-
rameters. According to Considine et al. (2011), when complex sys-
tems such as starch and milk components are mixed, a largeFig. 3. Scanning electronic micrographs: (a) Full-fat Minas fresh cheese, magniﬁcation: 196
cheese, magniﬁcation: 1420; (d) Reduced-fat Minas fresh cheese, magniﬁcation: 4500; (e)
fat Minas fresh cheese with starch added, magniﬁcation: 4500. P: Protein matrix; G: Fatnumber of interactions may occur, depending on their relative
concentrations and physicochemical properties. Furthermore,
many fundamental aspects still remain unclear, including the
interaction between milk proteins and the surface of a starch
granule.
Sipahioglu et al. (1999) also failed to observe structures related
to tapioca starch that had been added to reduced-fat Feta cheese
using SEM microscopy. It was reported that any nonparticulated
material, including gelatinized starch, would be indistinguishable
in SEMmicrographs because it would present a structure similar to
that of the protein matrix (Alvarez, Smith, & Flegler, 1991). How-
ever, Noronha et al. (2008) reported that light microscopy and
Fourier transform infrared spectroscopy were both useful for
observing starch structures in an imitation cheese that contained
starch.
3.6. Electrophoretic proﬁle of casein (ureaePAGE)
In general, there were no differences in the electrophoretic
proﬁles of casein from the various cheeses. After 10 and 17 days of
storage, the FC sample exhibited a higher degree of aS1-casein
degradation, indicated by the appearance of lighter bands
compared to the bands of the other samples (Fig. 4). Romeih et al.0; (b) Full-fat Minas fresh cheese, magniﬁcation: 4180; (c) Reduced-fat Minas fresh
Reduced-fat Minas fresh cheese with starch added, magniﬁcation: 1400; (f) Reduced-
globule; V: Void space; Fi: Filamentous structures; Cr: Crystalline inclusions.
Fig. 4. Electrophoretic proﬁle of the casein (ureaePAGE) in the cheeses: FC e Full-fat
cheese; RC e Reduced-fat cheese; SC e Reduced-fat cheese with starch added, at 3, 10
or 17 days after production. (S) Sodium caseinate standard. (CN) Casein.
V.R. Diamantino et al. / LWT - Food Science and Technology 56 (2014) 356e362 361(2002) also observed slightly faster and more extensive degrada-
tion of aS1-casein in low-fat white brined cheese compared to its
full-fat counterpart. In reduced-fat cheeses, hydrolysis of casein is
generally inadequate. For that reason, these cheeses often present a
relatively ﬁrmer structure because less proteolysis has occurred
(Mistry & Kasperson, 1998).
The aS1-I-casein fraction, which is caused by the degradation
of the aS1-casein fraction, was also present in all of the cheeses,
as indicated by the light band seen on day 3 of storage, which
became dark on days 10 and 17 of storage (Fig. 4). The residual
chymosin hydrolyzes the linkage between amino acids Phe23
and Phe24 of aS1-casein during the initial stages of ripening,
producing aS1-I-casein (Fox & McSweeney, 1998). The aS1-I-
casein fraction is more resistant to later hydrolysis and has
higher electrophoretic mobility than does aS1-casein (Fox,
O’Connor, & McSweeney, 1996).
Furthermore, aS1-casein degradation was more intense than b-
casein degradation (Fig. 4). In most cheeses, the b-casein fraction is
more resistant to degradation, which occurs mainly through the
action of the plasmin in milk, than is aS1-casein (Fox & McSweeney,
1998; Irigoyen, Izco, Ibáñez, & Torre, 2000). Merheb-Dini et al.
(2012) also observed a higher level of hydrolysis of aS1-casein
than of b-casein in Prato cheese.
4. Conclusion
In general, fat reduction lead to an increase in the moisture,
protein, and ash contents, an increased hardness value, and a
decreased yield of the Minas fresh cheese. Furthermore, fat
reduction lead to a denser microstructurewith fewer fat globules as
well as less proteolysis during storage. The addition of OS waxy
maize starch (0.5 g/100 mL) leads to an increase in the moisture
content and theWHC of the reduced-fat cheese, and it did not affect
its microstructure or proteolysis. However, adding starch was
ineffective in improving the yield or the texture parameters of the
reduced-fat cheese. In general, OS waxy maize starch improved the
overall quality of the reduced-fat Minas fresh cheese.
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